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Background: Face-scanning is an important skill that takes place in a highly interactive 
context embedded within social interaction. However, previous research has studied face-
scanning using non-interactive stimuli. We aimed to study face-scanning and social 
interaction in infancy in a more ecologically valid way by providing infants with a naturalistic 
and socially engaging experience. 
Methods: We developed a novel gaze-contingent eye-tracking paradigm in which infants 
could interact with face-stimuli. Responses (socially engaging/socially disengaging) from 
faĐes ǁere ĐoŶtiŶgeŶt oŶ iŶfaŶts͛ eǇe ŵoǀeŵeŶts. We ĐolleĐted eǇe-tracking and behavioral 
data of 162 (79 male, 83 female) 6-, 9- and 12-month-olds. 
Results: All infants showed a clear preference for looking at the eyes relative to the mouth. 
Contingency was learned implicitly and infants were more likely to show behavioral 
responses (e.g. smiling, pointing) when receiving socially engaging responses. Infants͛ 
responses were also more often congruent with the actors͛ responses than incongruent. 
Additionally, our large sample allowed us to look at the ranges of behavior on our task and 
we identified a small number of infants who displayed deviant behaviors. We discuss these 
findings in relation to data collected from a small sample (N=11) of infants considered to be 
͚at-risk͛ for autisŵ speĐtruŵ disorders.     
Conclusions: Our results demonstrate the versatility of the gaze-contingency eye-tracking 
paradigm, allowing for a more nuanced and complex investigation of face-scanning as it 
happens in real-life interaction. As we provide additional measures of contingency learning 




and reciprocity, our task holds the potential to investigate atypical neurodevelopment 
within the first year of life. 
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Face scanning in infancy 
Faces represent a stimulus category of unique importance generating greater attention 
compared to other visual stimuli (Kelly et al., under review; Langton, Law, Burton & 
Schweinberger, 2008). Newborn human infants show a preference for faces and face-like 
stimuli (Johnson, Dziurawiec, Ellis & Morton, 1991; Mondloch et al., 1999; Valenza, Simion, 
MaĐĐhi Cassia & Uŵiltà, ϭϵϵϲͿ, reĐogŶise aŶd prefer their ŵother͛s faĐe ;BushŶell, Sai & 
Mullin, 1989; Pascalis, De Schonen, Morton, Deruelle & Fabre-Grenet, 1995), and favor 
attractive faces (Slater et al., 1998). Infants show particular interest in the eye region (Di 
Giorgio, Méary, Pascalis & Simion, 2013; Haith, Bergman & Moore, 1977; Maurer & 
Salapatek, 1976) and from birth engage in and actively search for mutual eye gaze (Farroni, 
Csibra, Simion, & Johnson, 2002). There is a rapid increase in attention to faces between 3 
and 11 weeks of age (Haith et al., 1977) with an eye preference present in 6-week-old 
infants (Hunnius & Geuze, 2004). Several studies report a subsequent decrease in eye region 
attention from 6-12 months of age (Lewkowicz & Hansen-Tift, 2011; Tenenbaum, Shah, 
Sobel, Malle & Morgan, 2013) with infants shifting their focus to the mouth region, 
attributed to language learning. Similarly, Oakes and Ellis (2013) demonstrated an eye 
preference in 4.5-6.5-months-old infants and more distributed looking in older 8- to 12-
months-old infants. Collectively, these studies have provided insights into face scanning 
throughout the first year of life, yet the extent to which their methodologies produce 










 When infants encounter faces outside of the lab, this takes place in a highly 
interactive, social context in which reciprocity and contingency play a crucial role. However, 
past studies have attempted to answer questions about face-to-face interactions, whilst 
using methods that employ non-interactive stimuli. Although previous methods present 
infants with facial stimuli, such as static images (Di Giorgio et al., 2013; Oakes and Ellis, 
2013), videos of faces (Hunnius and Geuze, 2004; Lewkowicz & Hansen-Tift, 2011; 
Tenenbaum et al., 2013) and real faces (Haith et al., 1977; Maurer & Salapatek, 1976), these 
stimuli do not capture the reciprocity inherent to the social context in which face scanning 
occurs. By reducing face scanning to an isolated skill, we lose the richness and 
meaningfulness of the interactive context. In order to overcome this methodological issue, 
the current study introduces a novel eye-tracking paradigm in which infants are presented 
with interactive, gaze-contingent (GC) faces whilst their behavioural responses (e.g. smiles, 
head shaking) towards the interactive faces are measured.  
 
The Gaze-contingency paradigm 
 
 Advances in eye-tracking permit the fine-graiŶed studǇ of iŶfaŶts͛ respoŶses to ǀisual 
stimuli and enable the implementation of novel and interactive GC paradigms. In GC 
paradigŵs the partiĐipaŶt͛s ǀieǁiŶg eǆperieŶĐe is contingent upon their eye movements, 
ǁhiĐh alloǁs the partiĐipaŶt to ͚iŶteraĐt͛ ǁith stiŵuli proǀidiŶg a ŵore ŶaturalistiĐ aŶd 
interactive experience. A small number of studies have indicated that GC paradigms can be 
effectively implemented in adult and infant research (Deligianni, Senju, Gergely & Csibra, 
2011; Miyazaki, Takahashi, Rolf, Okada & Omori, 2014; Wang et al., 2012; Wilms et al., 




2010). Furthermore, previous research has established that from 2 months of age, infants 
are sensitive to and are capable of learning visual (De Schonen & Bry, 1987; Johnson, Posner 
& Rothbart, 1991), social (Rochat, Querido & Striano, 1999; Soussignan, Nadel, Canet & 
Gerardin, 2006) and physical contingencies (Alessandri, Sullivan & Lewis, 1990; Angulo-
Kinzler, Ulrich & Thelen, 2002; Rovee & Rovee, 1969). Face scanning lends itself perfectly for 
GC paradigms because of its interactive nature. However, surprisingly, there are no 
published studies to date investigating face scanning using GC paradigms. 
 The current study comprises a novel and unique combination of gaze-contingent 
eye-tracking and behavioral measures designed to capture social interaction in a controlled 
lab environment and to establish the efficacy of this paradigm within infant face scanning 
research. The task will simultaneously provide measures of initial fixation location, 
contingency learning, face scanning and behavioral responses (i.e. reciprocity). 
Furthermore, by testing a large sample of typically developing infants, ranges of typical 
behavior will be established. In addition to contrasting groups, a distribution-based 
approach allows us explore and establish the ranges of typical behaviors within a GC 
paradigm. Contrary to previous studies that have explored face processing strategies in only 
one age group (Young, Merin, Rogers, & Ozonoff, 2009), and with limited sample sizes (e.g., 
Klin et al., 2002), the current study sample comprised 6-, 9-, and 12-month-olds (n = 162).  
 For the task, participants sequentially viewed a series of video-recorded actors that 
could produce either a socially engaging or a socially disengaging response, which is 
contingent on first fixation location. Based on existing face scanning research (e.g., Di 
Giorgio et al., 2013), it was hypothesized that infants would be likely to initially fixate the 
eye region. However, previous findings (e.g., Soussignan et al., 2006) also led us to 
hypothesize that infants might be capable of learning the task contingency and 




consequently would favor triggering socially engaging responses. FiŶallǇ, iŶfaŶts͛ faĐes ǁere 
video-recorded throughout testing. Infants were expected to show behavior congruent with 
the triggered response from the actors (e.g., a smile for a smile) (Hains & Muir, 1996). 
 
Extension 
The novel, interactive nature of our GC stimuli produces a more socially demanding 
task compared to previous methods, which lead us to believe that eventually the task could 
be employed to explore early signs of atypical social development. A recent line of research 
has focused on infants at high familial risk for ASD (HR; because of an older sibling with a 
diagnosis), allowing for prospective investigation of the development of ASD. Several studies 
looking at face scanning in HR infants suggest some deviancies (Chawarska, Macari, Shic, 
2013; Guiraud et al., 2012; Shic, Macari & Chawarska, 2014; Merin, Young, Ozonoff & 
Rogers, 2007), although Young et al. (2009) report that these are not related to later ASD 
outcomes. However, these studies employ non-interactive stimuli similar to the 
aforementioned research. In contrast to any previously published research, our design will 
enable us to explore discrete social interactions within a controlled laboratory setting by 
synthesizing fine-grained eye movement analyses with overt behavioral reactions, 
permitting more meaningful conclusions about face scanning in typical and atypical 
populations. Therefore, for exploratory purposes a small sample of HR infants will be 
included and compared to the established behavioral norms for the typical population.  
   
 





Methods and Materials 
 This study was approved by the Ethics Committee of the University of Kent (Protocol 
number: 20153600, Project name: Social Interaction preferences and visual face scanning 
strategies in 6-12-months-olds: evidence from a gaze-contingency paradigm). All parents 
signed an informed consent for their participating infant. Data were stored and treated 
anonymously.  
Participants 
                 Typically developing infants were recruited through the Kent Child Development 
Unit database of families who have enlisted for research. Infants were considered typically 
developing if they had no known medical/psychological conditions. The final sample 
consisted of 162 infants (79 male, 83 female), who were separated into three different age 
groups: 6-month-olds, 9-month-olds and 12-month-olds (See Table 1). All infants were 
Caucasian. Infants were randomly assigned to either the Social Eyes (SE) condition (n = 89) 
or the Social Mouth (SM) condition (n = 73). A further 16 infants participated in the SM 
condition, but disengaged from the task. Eleven infants in our sample were classified as HR, 
as they had an older sibling with a formal diagnosis. They were recruited through autism 
support groups across Kent.  
 After group analyses were conducted on the total sample, we explored individual 
performance of HR infants. Previous research looking at early markers for ASD has 
contrasted a HR sample with a TD sample to examine group differences. In addition to 
investigating group differences, we propose it might be meaningful to examine individual HR 




behavior compared to ranges of typical behavior. Arguably, HR infants do not constitute a 
separate group (yet), as only ~20% of them will receive an ASD diagnosis (Ozonoff et al., 
2011). It is that subgroup that potentially will differentiate from the typical range on 
sufficiently sensitive measures.  
The Gaze-Contingent Task  
 The GC task consisted of a series of video-recorded actors who could produce a 
response of low or high social engagement (closed/open smile), or a response of low or high 
social diseŶgageŵeŶt ;ĐlosiŶg eǇes/lookiŶg aǁaǇͿ ĐoŶtiŶgeŶt oŶ the iŶfaŶt͛s first fiǆatioŶ 
location. The ďehaǀior produĐed ďǇ the aĐtors ǁas ĐoŶtiŶgeŶt oŶ the iŶfaŶt͛s eǇe 
movements and triggered by engaging in eye contact or fixating on their mouth (See Figure 
1). The animation was triggered from the first fixation landing in either of these regions. We 
chose to include both socially engaging and disengaging responses to explore whether 
infants were motivated to seek out a socially engaging response, and to investigate a 
potential difference in behavioral responses. In the SE condition, infants triggered socially 
engaging responses by fixating the eyes and socially disengaging responses by fixating on 
the mouth. Responses were reversed in the SM condition (See Figure 2). If an infant did not 
fixate on the discrete regions within the trial-length, the face would not animate.   
Table 1 
Participant Characteristics per Age group and Condition  




 Age in 
Months 
Condition N Mean Age 
in Days 
(SD) 
Age Range Gender 
(M/F) 
TD 6 SE 29 198 (4.8) 187 - 206 (12/17) 
  SM 21 199 (4.5) 188 - 209 (10/11) 
 9 SE 29 279 (9.1) 263 - 303 (13/16) 
  SM 24 280 (7.7) 266 - 293 (13/11) 
 12 SE 28 370 (9.4) 354 - 387 (14/14) 
  SM 20 371 (9.1) 354 - 388 (8/12) 
HR 6 SE - - - - 
  SM 3 190 (2.1) 188 – 192 (3/0) 
 9 SE 1 283 (N/A) N/A (1/0) 
  SM -  - - - 
 12 SE 2 367 (10.6) 360 - 375  (2/0) 
  SM 5 370 (5.6) 362 - 377 (3/2) 
Total  SE 89   (42/47) 
  SM 73   (37/36) 








Description of Stimuli 
The stimuli were 20 color videos of ten neutral-looking male and female adult faces 
visible from the shoulders upward standing in front of a green screen (See Figure 1).  Each 
stimulus appeared twice and in consecutive trials to assess if learning occurred across 
presentations. Each trial lasted five seconds. Eight faces were of Caucasian origin and two 
faces of African origin. All images subtended a size of 24.77 degrees x 18.25 degrees in visual 
angle and were presented on a 20-inch monitor with a resolution of 1024 by 768 pixels. 
Discrete gaze-ĐoŶtiŶgeŶt ͚iŶǀisiďle ďouŶdaries͛ for eǇe aŶd ŵouth regioŶs ǁere defiŶed 




5.06 x 2.83 
degrees. A 
dissimilarity 
in AOI size is 
common 
practice in 




infant face scanning research (e.g. Chawarska et al., 2013; Wagner, Luyster, Tager-Flusberg 







Figure 1. A Stimulus with the Discrete Eye and Mouth Regions Visible. The individual whose 
face appears here gave signed consent for her likeness to be published in this article. 




Figure 2. Examples of Socially-Engaging and Socially-Disengaging Animations with 
Accompanying Infants͛ Behavioral Responses. The authors received signed consent for the 
ǁoŵaŶ͛s aŶd ĐhildreŶ͛s likeŶesses to ďe puďlished iŶ this artiĐle. 





 Eye movements were recorded with an Eyelink 1000+ (SR Research, Ontario) at a 
sampling rate of 500 Hz operated in Remote Mode using a 25mm lens attachment. Infants 
aged 12 months were tested using the 890 nm illuminator, while all other age groups were 
tested using the 940 nm illuminator. Under optimal conditions, when operating in Remote 
Mode the Eyelink has accuracy of 0.5°, a tracking range of 32° (horizontal) x 25° (vertical) 
and is tolerant to head movements of 22x18x20cm. In order to minimise head movements, 
infants were securely fastened in an age-appropriate car seat that was safely attached to a 
chair. Stimuli were presented using Experiment Builder (SR Research, Ontario) and the raw 
eye movement data were extracted using Data Viewer (SR Research, Ontario). Fixations and 
saccades were subsequently parsed in Matlab (The Mathworks, MA, USA) using custom 
written code (See Supplementary Information for further details). All subsequent data 
processing was conducted in Matlab.   
 In addition, iŶfaŶts͛ behavioral responses were recorded with a Logitech webcam. 
Recordings were analyzed frame-by-frame and coded by one of the researchers and an 
independent coder (see below). Agreement between the coders was .94 (See 
Supplementary Information for additional information). 
 
Procedure 
 Families were welcomed and informed about the study. Parents were asked to sign a 
consent form and then escorted to the research laboratory with dimmed lighting. Infants 
were placed in an age-appropriate seat at a viewing distance of 60cm from a computer 
ŵoŶitor. The iŶfaŶt͛s right eǇe ǁas traĐked throughout testiŶg. IŶfaŶts͛ ďehaǀioral 




responses were also recorded throughout. The iŶfaŶt͛s ǀieǁ to their surroundings and 
experimenters was obstructed by an occluding screen. A 5-point calibration procedure using 
custom-made attention-grabbing audio-visual targets (Supplied by Dr. David Meary) was 
conducted and repeated as necessary. To ensure that all eye movement data was accurate, 
all infants were calibrated and validated to within 1° and checks for drift were assessed 
between every single trial. No infant failed to calibrate. Following calibration, the task was 
initiated. An attention grabber appeared at the side of the screen between each stimulus 
preseŶtatioŶ that eŶsured the iŶfaŶt͛s gaze for the ďegiŶŶiŶg of eaĐh trial. The study lasted 




 Video-recorded behavioral responses could be categorized as positive, negative, 
ambiguous or a non-response. Smiling, waving, giggling, cheerful vocalizing and cheerful 
pointing were seen as positive responses. Negative responses comprised looking away, 
vocalizing, frowning, head shaking and sad facial expressions with some of the older infants 
showing more complex behaviors such as indignant pointing. Some responses fell in-
between categories and were coded as ambiguous (e.g. arbitrary head movements). If the 
infant maintained a neutral facial expression throughout the trial, the trial ǁas Đoded as ͚Ŷo 
respoŶse͛.  
 Subsequently, eye movement data were time-locked with the behavioral data to 
eŶsure the iŶfaŶt͛s ďehaǀior occurred in response to the triggered animation and whether it 
was congruent or incongruent with the triggered animation. Congruent responses 




comprised a positive behavior from the infant towards aŶ aĐtor͛s socially engaging response 
or a negative behavior from the infant towards aŶ aĐtor͛s socially disengaging response. 
Conversely, incongruent responses were a positive behaviors towards a socially disengaging 
response or a negative behavior from the infant towards a socially engaging response (See 
Figure 2 for examples of congruent responses).  
 
Results 
 As aspects of our study methodology are completely novel, we were unable to 
conduct accurate a priori power analyses, but post-hoc power analyses indicated very high 
power (.88 - .99) for all main effects and interactions with the exception of Condition x 
Response for behavioral responses, which was notably low (.15). Preliminary analyses 
indicated no differences of participant gender, so it was omitted for further analyses. 
Ethnicity and stimulus gender did not affect any infant responses, nor did face repetition. 
Eye movement analyses will first be described covering overall AOI dwell time followed by 
explicit (i.e. the percentage of fixations triggering socially engaging responses) and implicit 
(i.e. saccadic response times across trials) measures of contingency learning. Behavioral 
responses will subsequently be assessed. Data will be analyzed with 3 (Age: 6, 9 or 12 
months) x 2 (Condition: SE or SM) x 2 (AOI: Eyes or Mouth) ANOVAs and appropriate post-
hoc tests unless stated otherwise. Finally, Z-normalized ranges of typical behavior on key 
dependent measures will be assessed and the performance of a small sample of HR infants 
will be contrasted typical norms.  
 





 Overall AOI Dwell Time  
The independent measures for these analyses are age, condition and AOI. The dependent 
measure is overall percentage of fixations.   
 We analyzed whether dwell time to eyes and mouth (cumulative time following 
animation trigger) differed by condition and/or age. A univariate ANOVA revealed a 
significant effect of Condition (F(1,312) = 7.100, p = .ϬϬϴ, ŋp2 = .022), a main effect of AOI 
(F(1,312) = 389.828, p < .ϬϬϭ, ŋp2 = .555) and a significant Condition x AOI interaction 
(F(1,312) = 9.105, p = .ϬϬϯ, ŋp2 = .028). Inspection of means confirmed that eyes were fixated 
more (SE = 39.24%; SM = 39.71%) than the mouth (SE = 17.86%; SM = 10.57%) by infants of 
all ages and regardless of condition (See Additional Analyses 1 in Supplementary 
Information).  
Independent t-tests confirmed that dwell time did not differ between conditions for 
Eyes (t(160) = -.2588, p = .797). However, the mouth was fixated significantly more (t(160) = 
3.889, p <.001) by infants in the SE condition than the SM condition. Although seemingly 
counterintuitive, this finding can be accounted for by the tendency for infants to look 
directly at the mouth once a smile was initiated (See Figure 3). 
 Separate analyses for dwell time on eyes and mouth yielded a significant effect of 
age on dwell time on the eye area (F(2,159) = 4.080, p = .Ϭϭϵ, ŋp2 = .049), but not for the 
mouth area (F(2,159) = 1.303, p = .275, ŋp2 = .016). Post-hoc analyses revealed differences 
between 6- and 12-month-olds only (p = .005), with 6-month-olds fixating the eye area more 
(M = 42.25%) relative to 12-month-olds (p = 36.20%).  






Figure 3. Summed fixations post-animation onset for all infants in the SE condition on the 
left and SM condition on the right. The tendency for infants to fixate the mouth (smile) in 
the SE condition but not in the SM condition is clearly visible. The individual whose face 
appears here gave signed consent for her likeness to be published in this article.  
 
 Explicit Contingency Learning: First Fixation Location 
Explicit contingency learning would be demonstrated if across trials iŶfaŶts͛ first fixations 
more frequently fell within the area that produced a socially engaging response (eyes for 
the SE condition, mouth for the SM condition). This would indicate that infants had learned 
what area to fixate in order to trigger social engagement. The independent measures for 
these analyses are age, condition and AOI (mouth vs eyes). The dependent measures are the 
percentages of first fixations. 
 A univariate ANONA revealed a main effect of AOI (F(1,312) = 533.842, p < .ϬϬϭ, ŋp2 = 
.631) and a significant Age x AOI interaction (F(2,312) = 6.567, p = .002, ŋp2 = .040). 




Regardless of condition and age, infants were far more likely to initially fixate the eyes 
relative to the mouth (SE eyes: 71.48%, mouth: 18.28% and SM eyes: 69.21%, mouth: 
15.41%). Post-hoc one-way ANOVAs revealed significant Age differences for Eyes only, with 
significant differences between 6- and 12-month olds (p = .003); 12-month olds displayed 
fewer eye fixations (M = 62.20) relative to 6-month-olds (M = 75.33). However, regardless of 
age or condition, infants showed a clear tendency to initially fixate the eyes relative to the 
mouth. Evidence for explicit contingency learning was not found.   
 
Implicit Contingency Learning: Saccadic Latencies  
 In addition to explicit contingency learning, we investigated implicit contingency 
learning. We analyzed saccadic response times to trigger the face animations. We reasoned 
that, as an implicit response from the infant to the two different social responses of the 
actors, infants could become more eager (faster saccades) or more reluctant (slower 
saccades) to trigger the animations. Infants in the SE condition would demonstrate implicit 
contingency learning if their saccadic response times in trials 11-20 were faster relative to 
trials 1-10 as a result of the socially engaging responses. Infants in the SM condition 
demonstrated implicit contingency learning if their saccadic response times in trials 11-20 
were slower relative to trials 1-10 because of the socially disengaging responses.  
 Saccadic response times to trigger the animation were calculated and the saccadic 
response times for trials 1-10 and trials 11-20 were contrasted, as previous studies have 
indicated that infants show evidence of learning within 10 trials (e.g., Colombo, Mitchell, 
Coldren & Atwater, 1990; Fawcett & Liszkowski, 2012; Hauf & Aschersleben, 2008). The 




independent measures for these analyses are trials (1-10 vs. 11-20) and condition. The 
dependent measure is the saccadic response time (in seconds) it took infants to trigger the 
animation. (N.B. Animations could be triggered by fixating either the eye or the mouth area, 
so the DV comprises saccades to either of these areas. In reality, saccades more often went 
to the eye area as demonstrated in the section on first fixation location).  
 Preliminary analysis demonstrated no overall significant differences in saccadic 
response time between conditions (F(1,150) = 1.056, p = .795, ŋp2  < .001). Subsequently, a 2 
(Trials) x 2 (Condition) repeated measures ANOVA was conducted on the saccadic response 
times split across trials 1-10 and trials 11-20. The ANOVA yielded a significant Trials x 
Condition interaction (F(1,156) = 9.724, p = .002, ŋp2 = .059). Inspection of means revealed 
that saccadic response times did not differ between conditions for trials 1-10 (SE = 693 
msecs, SM = 651 msecs), but they differed substantially for trials 11-20 (SE = 605 msecs, SM 
= 712 msecs).  
 Further two-tailed t-tests confirmed implicit contingency learning as summarized in 
Figure 4.  Independent-samples t-tests analyzing differences in response times revealed no 
difference between conditions for trials 1-10 (t(160) = .938, p = .35), whereas for trials 11-20 
infants in the SE condition demonstrated significantly faster saccades compared to infants in 
the SM condition as a result of socially engaging and socially disengaging responses 
respectively (t(160) = -2.660, p = .009). Additionally, paired-samples t-tests analyzing 
differences between trials 1-10 and trials 11-20 within conditions, revealed a significant 
difference for the SE condition only (t(88) = 2.711, p = .008). Infants in the SE condition 
showed significant faster saccades on trials 11-20 compared to trials 1-10, whereas there 
was no difference for the SM condition (t(72) = -1.690, p = .094).  






Figure 4. Average Saccadic Response Times for Both Conditions on Trials 1-10 and Trials 11-
20. 
Between conditions there was no difference in response times for trials 1-10, but there was 
a significant difference for trials 11-20, implicating implicit contingency learning. Within 
conditions, there was a significant difference in saccadic response times between trials 1-10 








Behavioral responses  
 To assess behavioral responses we determined if iŶfaŶts͛ behavior was congruent or 
incongruent with the aĐtor͛s triggered response. As a consequence of recording errors, the 
behavioral data from six infants (2 x 6m, 3 X 9m & 1 x 12m) was lost. Preliminary analysis of 
the remaining data (SE: n = 83; SM: n = 73) revealed no effects of gender, so data were 
collapsed for further analyses (See Supplementary Table 1). As data were highly skewed, a 
log transform was conducted prior to performing data analyses.  
 A 3 (Age) x 2 (Condition) x 2 (Response Type; Congruent, Incongruent) univariate 
ANOVA conducted on percentage of responses revealed a main effect of Condition (F(1,300) 
= 18.869, p < .001, ŋp2 = .059) and Response Type (F(1,300) = 91.239, p < .001, ŋp2 = .233), a 
significant Age x Condition interaction (F(2,300) = 10.579, p < .001, ŋp2 = .066) and a 
Condition x Response Type interaction (F(2,300) = 11.574, p < .001, ŋp2 = .037). Inspection of 
means shows that Congruent responses (M = 16.00%) were observed more frequently than 
Incongruent responses (M =10.21%) and that the infants were more likely to respond in the 
SE condition (M = 15.47%) relative to the SM condition (M = 10.27%). In terms of age related 
differences, post-hoc comparisons found that only 9-month-olds (M = 15.12%, p = .036) 
responded more frequently relative to 6-month-olds (M = 10.40%).  
 To explore the interactions, separate univariate ANOVAs were conducted for the SE 
and SM condition, which yielded age-related differences in the SE condition only (F(2,167) = 
6.399, p = .ϬϬϮ, ŋp2 = .071). Post hoc comparisons found that 6-month olds were less likely to 
respond (M = 8.81%) relative to both 9-month-olds (M = 20.64%; p = .001) and 12-month-
olds (M = 16.51%; p < .023).  




Distribution of Performance and HR Comparison  
 Having tested a large sample of typically developing infants in a novel research 
paradigm, we decided to establish ranges for typical behavior. To assess behavior of 
individual HR infants we produced z-normalized scores and distributions for key measures. 
Constructing z-normalized distributions, it is notable that different measures produced 
different distribution shapes; normal and skewed.  A normal distribution indicates that a 
behavior varies naturally within the population. By contrast, a skewed distribution shows 
that a behavior is relatively consistent within a population. Following previous research 
(Kelly et al., 2011) individual infants were deemed to be of interest if their behavior fell +/- 
1.5 SDs from the sample mean.  We conducted Fisher͛s EǆaĐt Tests for each of the measures 




Incongruent Responses   
The distribution of incongruent responses is heavily skewed (See Figure 5a), with 
infants consistently displaying a low frequency of incongruent responses. Inspection of the 
z-scores shows that 2 out of 11 HR infants (18.2 %) produced unusually high frequencies of 
incongruent responses. By contrast only 8 out of 145 TD infants (5.5%) displayed 
comparable behavior. A Fisher͛s EǆaĐt Test found that risk status was not significantly 
associated with a deviant negative z-score (p = .149).  Incongruent responses might be a 




measure of interest for future research, but statistical significance will have to be 
investigated in a larger sample.  
Eye Triggers 
 The distribution of eye triggers shows a clear skew (See Figure 5b) with infants highly 
likelǇ to iŶitiallǇ fiǆate the eǇe area. IŶspeĐtioŶ of H‘ iŶfaŶts͛ z-scores shows that 3 out of 11 
HR infants (27.3%) and 13 out of 151 TD infants (8.6%) displayed deviant behavior. A 
Fisher͛s EǆaĐt Test reǀealed that risk status ǁas Ŷot sigŶifiĐaŶtlǇ assoĐiated ǁith a deǀiaŶt 
negative z-score (p = .080). Decreased eye triggers might be a measure of interest for future 
research, but statistical significance will have to be investigated in a larger sample.  
 
Normal distributions 
Eye Region Dwell Time 
 Dwell time on the eye region is normally distributed (See Figure 5c), indicating that 
this behavior naturally varies within the population. Within this normal distribution HR z-
scores are all located in the left side of the distribution with 4 out of 11 infants (36.4%) 
showing a negative z-score larger than 1.5. Conversely, only 7 out of 151 TD infants (4.64%) 
displayed comparable behavior. A Fisher͛s EǆaĐt Test revealed that risk status was 
significantly associated with a deviant negative z-score (p = .003).  A relatively low total 
dwell time on the eye region seems to be characteristic of HR infants of interest. Eye region 
dwell time when viewing interactive faces should be considered a measure of interest for 
future research. 




 Due to our small HR sample, these results are relatively provisional. Although not all 
Fisher͛s EǆaĐt Tests haǀe reaĐhed sigŶifiĐaŶĐe ;ǇetͿ, ǁe oďserǀed heighteŶed rates of 
occurrences in the HR sample comparable to what we should expect based on what 
previous research tells us about the percentage of HR infants that will eventually receive a 










Figure 5. Distributions of Z-normalized Behavior on Key Measures for Typically Developing 
Infants (Blue) and High-Risk Infants (Green). Z-values are displayed on the X axis and 
participant count on the Y axis. 5a. Distribution of Incongruent Responses. 5b. Distribution 
of Eye Triggers. 5c. Distribution of Overall Dwell Time on Eyes. 






 Previous studies exploring face scanning in infancy have employed non-interactive 
stimuli to answer questions about an inherently interactive process. For the current study, 
we developed a novel eye-tracking method, a GC paradigm, which allowed us to simulate 
the social context in which face scanning typically occurs in day-to-day life by presenting 
infants with interactive faces.  
 
Dwell time in a GC paradigm  
 Our findings demonstrate that regardless of condition infants spent more time 
fixating the eye area relative to the mouth area, which fits with previous research (e.g. Haith 
et al., 1977). The mouth area was fixated more in the SE condition, which is accounted for 
by the iŶfaŶts͛ teŶdeŶĐǇ to look directly at the mouth once a smile was initiated. In 
accordance with previous studies (e.g. Lewkowicz & Hansen-Tift, 2011) we found that dwell 
time on eyes declined between 6 and 12-months. Thus, these previously established 
findings were supported within a GC paradigm.  Additionally, there was a relatively large 
percentage of fixations on other face areas compared to the mouth area (See 
Supplementary Information for details), which is likely a consequence of the task͛s 
interactivity. Scanning a static image of an isolated face in a lab setting could encourage 
repetition of a triangular pattern of fixations (e.g., right eye – left eye – nose) while 
disregarding other face areas. In an interactive paradigm, dynamic movement attracts a 
broader distribution of fixation patterns that is likely to be more representative of natural 
face-to-face interactions. 
 





 WithiŶ soĐial iŶteraĐtioŶ, ĐoŶtiŶgeŶt respoŶses are highlǇ iŵportaŶt for the iŶfaŶt͛s 
development of social understanding (Markova & Legerstee, 2006) and from as young as 2 
months, infants are sensitive to contingencies (e.g. Soussignan et al., 2006). Previous studies 
have overlooked the contingency of social interaction, whereas our GC stimuli provided this 
critical element. Consequently, we hypothesized that infants would explicitly learn the 
contingency of our task and that their subsequent initial fixations would fall in the area of 
the face that resulted in triggering a socially engaging response. However, we found that 
infants were more likely to initially fixate the eye area, regardless of condition.  More 
specifically, infants in the SM condition did not show evidence of learning that fixating the 
mouth would produce a socially engaging response. In other words, even when fixating the 
eye area triggered a socially disengaging response, infants persisted in making eye contact. 
This replicates previous research demonstrating a strong preference for eye contact (e.g. Di 
Giorgio et al., 2013). Additionally, this supports the view that infants are deploying a well-
rehearsed strategy of engaging in eye contact in order to engage in social interaction and 
that 20 trials provided insufficient training time to completely deter infants from this 
behaviour.  
 Interestingly, infants did show evidence of implicit contingency learning, which was 
inferred by contrasting saccadic response time from trials 1-10 and trials 11-20. Across trials 
saccadic response times were decreasing in the SE condition (i.e. engagement), but 
increasing in the SM condition (i.e., disengagement). Thus, while 20 trials were not enough 
to demonstrate explicit contingency learning, our GC task ǁas Đapaďle of deteĐtiŶg iŶfaŶts͛ 
sensitivity to engaging and disengaging actors whilst scanning their faces (See Additional 
Analyses 2 in Supplementary Information).  







 Preǀious studies eǆĐlusiǀelǇ foĐussed oŶ the iŶfaŶts͛ eǇe ŵoǀeŵeŶts deploǇed 
during face scanning. As our interactive paradigm allowed us to simulate a social interaction, 
ǁe ǁere aďle to studǇ the additioŶal ŵeasure of iŶfaŶts͛ reĐiproĐitǇ. Infants clearly showed 
a difference in behavior towards socially engaging and socially disengaging actors. Infants 
who received a socially engaging response provided a higher frequency of positive 
responses, suggesting that they enjoyed interacting with the on-screen actor. Conversely, 
infants who repeatedly triggered a socially disengaging response seemed to withdraw from 
the task, which is further highlighted by the fact that we had to exclude 16 infants from this 
condition due to complete disengagement. Infants who did respond to a socially 
disengaging actor, displayed clear disagreement. Although the overall response rate across 
conditions appears low (36.17%), it is important to point out that infants were interacting 
with unfamiliar faces. Relative to previous research on stranger sociability in infancy (e.g. 
Corter, 1973), our reported response rates are notably high. Our interactive task 
eŶĐouraged iŶfaŶts͛ active engagement and facilitated responsiveness and sociability (see 
Ross & Goldman, 1977). 
 
Other applications 
 Our findings demonstrate that the implementation of GC stimuli allows for a more 
nuanced investigation of face scanning. We were able to collect measures of contingency 
and reciprocity, and infants appeared sensitive to social nuances observable in both their 
eye-tracking (saccadic response times) and behavioral data. As an additional strength, we 
believe the task could be employed to explore early signs of atypical social development due 




to a more naturalistic and socially demanding experience. In addition to dwell time, our task 
can provide measures of contingency learning and reciprocity, skills that are reportedly less 
developed in children with autism spectrum disorder (ASD) (e.g. Constantino, Przybeck, 
Darrin & Todd, 2000). To preliminarily investigate this application, we descriptively 
compared a small sample of infants at high-risk for ASD to z-normalized ranges of typical 
behavior. Decreased dwell time on eyes seemed to be associated with HR status, which 
corresponds with earlier findings (Merin et al. 2007). In light of previous studies (e.g. 
Lewkowicz & Hansen-Tift, 2011), we would expect older infants to redirect their focus to the 
eye area of a face. Given that the majority of our HR infants were 12 months old, our 
findings seem to indicate deviant behavior. Additionally, a high frequency of incongruent 
responses and a lower frequency of eye triggers could be potential measures of interest. A 
larger HR sample is required to further probe these findings and to assess whether these 
measures are indeed associated with HR status. Although preliminary, these findings 
demonstrate that even in a sample with 11 HR infants, a GC paradigm is capable of 




 No studies to date had employed a GC paradigm in face scanning research, whereas 
the interactive nature of the paradigm lends itself perfectly for research in the area of social 
interaction. The increased ecological validity of our interactive stimuli permitted us to 
expand on earlier findings on face scanning by providing measures of contingency learning 
and reciprocity in addition to a more naturalistic dwell time analysis. Infants clearly showed 
sensitivity to differences in engagement from actors, which was visible in both saccades and 




their overt behavioural responses. We preliminarily demonstrated the potential application 
of a GC paradigm in atypical populations, but further studies are required to corroborate 
these findings. One limitation to our study was the relatively low power in the Condition x 
Response interaction for behavioural responses. Accordingly, future studies will require 
larger sample sizes to address this shortcoming. We believe that when implemented 
correctly, interactive GC stimuli will allow for more meaningful conclusions in eye-tracking 
studies in both typical and atypical developmental populations, and will make important 
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Legends for tables and figures 
Table 1. Participant Characteristics per Age group and Condition  
Figure 1. A Stimulus with the Discrete Eye and Mouth Regions Visible. The individual whose 
face appears here gave signed consent for her likeness to be published in this article.  
Figure 2. Examples of Socially-Engaging and Socially-Disengaging Animations with 
Accompanying Infants͛ Behavioral Responses. The authors received signed consent for the 
ǁoŵaŶ͛s aŶd ĐhildreŶ͛s likeŶesses to ďe puďlished iŶ this artiĐle. 
Figure 3. Summed fixations post-animation onset for all infants in the SE condition on the 
left and SM condition on the right. The tendency for infants to fixate the mouth (smile) in 
the SE condition but not in the SM condition is clearly visible. The individual whose face 
appears here gave signed consent for her likeness to be published in this article. 
Figure 4. Average Saccadic Latencies for Both Conditions on Trials 1-10 and Trials 11-20.  
Between conditions there was no difference in saccadic latencies for trials 1-10, but there 
was a significant difference for trials 11-20, implicating implicit contingency learning. Within 
conditions there was a significant difference in saccadic latencies between trials 1-10 and 
trials 11-20 for only the SE condition. 
Figure 5. Distributions of Z-normalized Behavior on Key Measures for Typically Developing 
Infants (Blue) and High-Risk Infants (Green). Z-values are displayed on the X axis and 
participant count on the Y axis. 5a. Distribution of Incongruent Responses. 5b. Distribution 
of Eye Triggers. 5c. Distribution of Overall Dwell Time on Eyes.  
